The aim of this work was to evaluate, by the physiological and growth variables, the behavior of paricá seedlings submitted to cadmium aplications. Cadmium is a importante metal due the industrial use, the accumulation in the environment, the high mobility in the soil-plant system, and possibly by changing physiological and growth parameters in plants. Among the plants that can be affected by this metal is the species (Schizolobium amazonicum Huber ex Ducke), known as paricá. Native from the amazona region, presents great social, economic and environmental potential. Among the physiological variables analyzed, cadmium interfered with photosynthesis, stomatal conductance and transpiration, mainly with the increase of the concentrations of this element. Among the correlated variables, the variable intrinsic efficiency of water use (EiUA), presented high in the stress conditions maintaining the minimum of water balance. For the growth variables, the cadmium provided a decrease in the height, diameter, number of leaves and leaflets influencing the low synthesis of photoassimilates. The phytotoxic element was mainly concentrated in the roots, but there was translocation to shoot, signaling a phytoextractive characteristic.
Introduction
The toxicity of heavy metals depends on their concentration and bioavailability in the soil, on the time of exposure to the element, as well as on plant genotype and overall conditions. In addition, the dose-response, i.e., the concentration that leads to a specific effect, varies between essential and non-essential elements (Almeida, 2015) .
Cadmium is a non-essential element to plants because it does not have a metabolic function (Ok et al., 2011) and is extremely toxic to different organisms, even at soil concentrations lower than 10 mg kg -1 ; which is enough to trigger significant effects on plant growth. Among the most common cadmium toxicity effects on plants are decreased plant growth, mainly root growth due to mineral deficiency (Shah et al., 2001; Vitória et al., 2001; Fornazier et al., 2002) , reduced biomass production (Knecht et al., 1994; Soltan & Rashed, 2003; Benavides et al., 2005) , photosynthetic apparatus destabilization (Qian et al., 2010) , as well as changes in stomatal conductance and leaf transpiration (Souza et al., 2011) .
It is essential to know the growth and tolerance mechanisms of plants against this trace element due to its increasing concentration in agricultural soils, mainly due to the use of phosphate fertilizers, which are one of the most important Cd contamination sources in agriculture (François, 2009; Grant, 2011; Ferreira, 2013) . This knowledge is also essential to enable food production and well as maintaining environmental health health at, since cadmium is a potential agricultural hazard (Römkens, 2011) .
Materials and Methods

Experimental Condition and Plant Material
The experiment was conducted in the greenhouse of the Agricultural Sciences Institute (ICA-Instituto de Ciências Agrárias), Federal Rural University of Amazonia (UFRA-Universidade Federal Rural da Amazônia), Belém City, Pará State (geographic coordinates 01°27′21″ S, 48°30′16″ W), from December 2017 to June 2018. Paricá seeds provided by Pará State Association of Timber Exporter Industries (AIMEX-Associação das Indústrias Exportadoras de Madeira do Estado do Pará) were used in the experiment.
Seedling Production and Plant Exposure to Cadmium Doses
The paricá seedling production process was conducted as follows: seeds were scarified with sandpaper (#80) and placed in cold water for 24 hours to make dormancy breaking easier. Next, seeds were placed in 4.6 L Leonard jars (adapted with polyethylene clamps) filled with washed and autoclaved sand; the jars were wrapped with aluminum foil to minimize the interference of solar radiation on root growth. Circular-shaped EVA paper was placed on the surface of each jar to avoid algae proliferation. Two months later, cadmium chloride concentrations (CdCl 2 ·H 2 O) in nutrient solution were applied to the seeds. Solutions were renewed on a weekly basis and pH was kept between 5.8 to 6.0 through the addition of 0.1 mol L -1 of NaOH or HCl, whenever adjustments were needed.
Ecophysiological Variables
Plants showing cadmium toxicity signs were collected and subjected to physiological and growth analyses. Liquid photosynthetic (A), stomatal conductance (gs) and transpiration (E) rates were measured in the IRGA portable meter (Infra-red Gas Analyzer/ADC equipment-model LCi 6400, Hoddesdon, UK) under favorable environmental conditions, between 9:00 a.m. and 11:00 a.m. One leaflet per plant (always the median region of the fully expanded leaf) was inserted in the equipment chamber in order to measure these variables. Next, the Ci/Ca ratio, instantaneous carboxylation efficiency (iCE), water use efficiency (WUE) and intrinsic water use efficiency (iWUE) were quantified.
Determining Chlorophyll a, b, Total (a + b) and Anthocyanin Contents
Based on the method adopted to measure these variables (Sims & Gamon, 2002) , 100 mg of fresh leaf from each sample was weighed, placed in a mortar containing 3 ml of 80% acetone, macerated and filtered through paper towels. The supernatant was transferred to a 25 mL volumetric flask and its volume was measured using 80% acetone. Samples were read in spectrophotometer at 663 nm (Chlorophyll A), 647 nm (Chlorophyll B), 537 nm (Anthocyanins) by previously placing the blank to reset the apparatus (acetone 80%). Total chlorophyll content was calculated as follows: Total chlorophyll = chlorophyll a + chlorophyll b. All the extraction process was performed on ice and in the dark.
Growth Variables
Growth parameters were determined through measurements conducted at the end of the experimental period and resulted in the following variables:
(1) Plant height: measured from the surface of the soil to the apex of the plant, with a millimeter ruler. Results were expressed in cm. (4) Number of leaflets: the number of living leaflets was counted.
Experimental Design and Statistical Analysis
The experimental design was completely randomized (CRD), with 5 treatments comprising control plants (cadmium-free) and plants threated with cadmium doses (CdCl 2 178 μM; CdCl 2 356 μM; CdCl 2 534 μM; CdCl 2 712 μM), with 7 repetitions each (one plant/jar)-35 experimental units, in total.
Data were subjected to analysis of variance in the F test (p < 0.05); means were compared to each other through the least significant difference in the Tukey test (p < 0.05) and adjusted through polynomial regression equations (P < 0.01 or 0.05) in the Sisvar software (Ferreira, 2011) .
Results and Discussion
Physiological Variables
Photosynthesis
Based on our results, the photosynthesis of paricá seedlings decreased considerably as the cadmium doses increased; there was a statistically significant difference between the photosynthesis of these seedlings and that of the control plants. The relative percentage decrease and increase (RPDI) was quite high: it reached -76% decrease (Table 1 ). This characteristic can be a sensitive stress indicator caused by cadmium. Cadmium effects on photosynthesis lie on blocking energy dissipation in the form of heat (ATP), which prevents energy from being absorbed in the reaction centers of photosystem II. According to Parmar et al. (2014) , it happens due to thylakoid destructuring, which reduces the photochemical efficiency of these photosynthetically active membranes. Another probable explanation for this result lies on the direct inhibition of chlorophyll synthesis or on restrictions in Mg absorption and translocation, since the magnesium found in chloroplasts works as protector by inhibiting the action of cadmium and preventing the transport of electrons (Benavides et al., 2005; Martins et al., 2013 , Zhang et al., 2014 .
Stomatal Conductance (gs)
Stomatal conductance decreased considerably as the cadmium doses increased. However, statistically significant differences were only recorded for treatments T3 (356 μM), T4 (534 μM) and T5 (712 μM) in comparison to the control. The relative percentage decrease and increase (RPDI) was higher than -70% decrease (Table 1) ; this outcome showed to what extent the stomatal conductance changed. Cd decreased the partial CO 2 pressure in the stomata by decreasing the carbon dioxide concentration and the stomatal conductance, which led to stomatal closure and to decreased transpiration, besides affecting Rubisco activity (Hasanuzzaman et al., 2013) . One of the harmful effects of cadmium lies on inducing calcium production in the endoplasmic reticulum and in the vacuole. This production increases the levels of this cation in the cytosol, which is associated with stomatal closure (Perfus-barbeoch et al., 2002) .
Transpiration (E)
Transpiration results were similar to the ones recorded for photosynthesis and stomatal conductance, since these variables were directly correlated to each other. The sharp decrease in transpiration reached relative percentage decrease and increase (PRDI) values such as 54.75%, which enabled statistically significant differences between the major cadmium treatments-T4 (534 μM) and T5 (712 μM) and the control (Table 1) .
According to Leita et al. (1995) , Cd affects stomatal opening and closing: firstly, due to increase in the osmotic potential of the leaves; secondly, due to direct Cd action on guard cells, as well as to root growth inhibition, which limits water absorption and leads to stomatal closure. In addition, high Cd concentrations lead to metabolic decline, leaf turgidity loss and hydropassive stomatal closure.
Water Use efficiency (WUE)
According to Zhao (2004) , in physiological terms, water use efficiency (WUE) is defined as the ratio between carbon fixation (photosynthesis) and transpiration rates (A/E). Thus, based on the herein analyzed ratio, water use efficiency decreased as cadmium concentrations increased. There was statistically significant difference in water use efficiency between cadmium-treated and control plants. The relative percentage decrease and increase recorded for this variable was higher than -45% (Table 1) . This outcome corroborates the study by Lefévre et al. (2014) , who stated that the stress caused by heavy metals leads to lower water use efficiency.
This result indicate low CO 2 fixation, since this parameter determines the species' effectiveness in fixing carbon during transpiration. The phytotoxic element accumulated in the root system directly affected the growth of this organ, which may have led to low water absorption and changed the conducting vessels' anatomy, which directly affected the water transport process (Bacelar et al., 2007) .
Instantaneous Carboxylation Efficiency (iCE)
The iCE results herein recorded for A/Ci ratio showed decrease in this variable, as well as statistically significant differences between cadmium-treated and control plants; the relative percentage decrease and increase (RPDI) recorded -76.66% decrease, as shown in Table 1 . The instantaneous carboxylation efficiency depends on CO 2 availability in the leaf mesophyll, on the amount of light, on temperature and on enzyme activity to enable photosynthesis. The stomatal opening significantly decreased in the current study and it influenced the intercellular CO 2 concentrations, which became very low. The influx of this component in mesophyll cells was restricted; thus, the plant used CO 2 resulting from the breathing process to keep the photosynthetic rate at minimum level, thus making it limited (Taiz & Zeiger, 2009b) .
Intrinsic Water Use Efficiency (iWUE)
The iWUE was calculated by dividing (A/gs). Based on results of intrinsic water use efficiency (iWUE), the internal water use efficiency of plants subjected to cadmium-induced stress increased as the metal doses increased. There was statistically significant difference between cadmium-treated and control plants in T2 (178 μM), only. The relative percentage decrease and increase (RPDI) was above -45% decrease, according to Table 1 . High iWUE is a characteristic of plants that try to tolerate stressful conditions such as low water availability caused by high cadmium concentrations (Ma et al., 2004) . According to the aforementioned authors, high photosynthetic rates and low stomatal conductance (gs) values partly explain the iWUE increase.
3.1.7 Internal CO 2 Concentration and Environment (Ci/Ca) Internal and external carbon ratios increased in the first two cadmium-stress treatments-T2 (178 μM) and T3 (356 μM); they decreased in T4 (534 μM) and increased again in T5 (712 μM). T2 (178 μM) and T4 (534 μM) showed statistically significant differences in comparison to the control group. The relative percentage decrease and increase (RPDI) was low -11% (Table 1 ).
The activity of enzymes involved in CO 2 fixation may have been affected and it increased the Ci/Ca values in the first two treatments. The reduced transpiration in plants subjected to cadmium stress can be associated with cuticle and stomata destruction, and with leaf limb rupture, which decreased gs and affected the Ci/Ca ratio (Guerra et al., 2014) .
Biochemical Evaluations: Pigment Content
Chlorophyll a, b and Total
Chlorophyll a contents in plants subjected to heavy metal stress decreased in comparison to control plants; the lowest chlorophyll a value in cadmium-treated plants was found in T3 (356 μM), whereas the highest value was recorded for plants in T5 (712 μM). T2 (178 μM), T3 (356 μM) and T4 (534 μM) showed statistically significant difference in comparison to control plants. Chlorophyll a recorded RPDI -33.4% (Table 1) .
Chlorophyll b contents decreased until T4 (534 μM); plants subjected to different cadmium stress conditions did not show statistically significant difference in Chlorophyll b content between treatments; however, there was statistically significant difference between cadmium-treated and control plants. The relative percentage decrease and increase (RPDI) was -37.26% higher than that of chlorophyll a. Chlorophyll contents overall decreased at some points, whereas in others, they adjusted to cadmium concentrations (Table 1) .
Total (a + b) chlorophyll content decreased in plants subjected to heavy metal stress, which showed statistically significant differences in comparison to control plants; the lowest total chlorophyll value was found in T3 (356 μM). The relative percentage decrease and increase (PRA) of total chlorophyll was -36.45% (Table 1) . This value confirmed the change in chlorophyll functions.
There was chlorophyll degradation in plants subjected to cadmium stress and, consequently, their photosynthetic process was inhibited due to exposure to Cd. However, high Cd concentrations are necessary to enable finding effects on the photosynthetic system of most species (Ekmekci et al., 2008; Redondo-Goméz et al., 2010; Roychoudhury et al., 2012; Martins et al., 2013) , as observed in the current study when high Cd doses were applied to plants. Chlorophyll degradation takes place due to Mg replacement in chlorophyll molecules and to Fe replacement in the cytochromes of proteins involved in the photosynthesis process (Taiz & Zeiger, 2002a; DalCorso et al., 2008; Marques & Nascimento, 2013) .
Mg is a structural part of the tetrapyrrole nucleus of chlorophyll molecules, but it also plays a specific role in the activation of enzymes involved in photosynthesis. Lack of Mg leads to chlorosis between leaf ribs; chlorosis can be first seen in older leaves due to Mg mobility (Taiz & Zeiger, 2002a) . Fe plays a key role as a component of protein complexes (ferredoxins) involved in transfer of electrons in the luminous phase of photosynthesis. Both Mg and Fe deficiencies trigger a characteristic symptom, i.e., chlorosis between leaf ribs. Unlike Mg, chlorosis resulting from Fe deficiency initially appears in younger leaves because iron cannot be readily mobilized from the older leaves (Taiz & Zeiger, 2002a) . According to DalCorso et al. (2008) , chlorosis can result from changes in the Fe/Zn ratio, as well as from negative Cd effects on chlorophyll metabolism.
Anthocyanin
Anthocyanin levels in cadmium-treated plants overall decreased in comparison to the control; there was statistically significant differences between treatments T2 (178 μM), T3 (356 μM) and T4 (534 μM) and the control group. The relative percentage decrease and increase (RPDI) of anthocyanin levels was -24.51% (Table  1) . The comparison between cadmium-stress treatments recorded increased anthocyanin levels. According to Keilig and Ludwig-Müller (2009), Michalak (2006) , and Singh et al. (2013) , this response is expected in plants grown in the presence of heavy metals at problematic levels; these plants produce secondary metabolites such as flavonoids and anthocyanin in order to eliminate reactive oxygen compounds formed by metals such as cadmium.
Biophysical Variables
Height
Despite the brief time paricá plants remained exposed to cádmio, their growth was negatively affected by it, as seen in the relative percentage decrease and increase (RPDI) value (14.17%), which indicated the phytotoxicity of the species. Height is a growth parameter that shows the ability of plants to respond to the influence of biotic and abiotic factors affecting their metabolism and development (Taiz & Zeiger, 2013c) . There were statistically significant differences in height between cadmium-treated and control plants (Table 1) .
Collar Diameter
Collar diameter decreased as the cadmium doses increased. There were statistically significant differences between treatments T2 (178 μM), T3 (356 μM) and T4 (534 μM) and the control plants; the relative percentage decrease and increase (RPDI) value recorded -14.41% decrease. This outcome showed the negative influence of this heavy metal on plant growth. According to Ekmekçia et al. (2008) , decreased chlorophyll contents are strongly associated with decreased plant height and diameter, as well as with changes in overall plant growth, mainly due to lower photoassimilate synthesis.
Number of Leaves andLleaflets
The number of leaves decreased as the cadmium doses increased; however, there were statistically significant differences only when treatments T4 (534 μM) and T5 (712 μM) were compared to the control plants. The relative percentage decrease and increase (PRA) value was -21.58%, which showed decrease in this growth variable due to cadmium toxicity.
Paricá plants presented symptoms such as chlorosis in the older leaves, leaf abscission and epithelia during the cadmium-stress period adopted in the current study. These negative effects significantly changed the photosynthesis and other physiological functions of the herein investigated plant species. Metal ions can be incorporated in proteins or translocated through the phloem of leaves, along with photo-assimilators, and lead to a series of phytotoxicities (Azevedo et al., 2012; Gallego et al., 2012) .
The number of leaflets decreased until T3 (356 μM), increased in T4 (534 μM), and decreased again in T5 (712 μM); RPDI value was -26.63%-it was the highest value recorded for growth parameters, which showed that this organ is one of the most affected by cadmium toxicity (Table 1) . 
Conclusion
The paricá plants were sensible to the cadmium dosages interfering in the gas exchange and growth.
Regarding the physiological parameters they did not support the applied cadmium doses, altering their energy production in the form of ATP and NADPH.
It took 14 days for the cadmium doses to alter all growth and physiological parameters. However, the variable intrinsic efficiency of water use (EiUA) was elevated in the stress conditions maintaining the minimum of water balance.
The phytotoxic element cadmium was mainly concentrated in the roots, but there was translocation to shoot, signaling a phytoextractive characteristic.
